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The partial or complete loss by the hemolytic streptococcus of its 
ability to hemolyze redblood cells has been recorded.  In the studies  TM 
on variations of streptococci as regards hemolysis and other charac- 
teristics, no complete and adequately controlled observations on the 
agglutination, agglutinin-binding, and  agglutinogenic characteristics 
have been made, as far as we know, to determine whether variation 
in function has  been  associated with change in  the  antigenic con- 
stituents  of  the  cocci.  We  are  reporting,  therefore,  comparative 
observations on  a  strain  of hemolytic streptococcus which has  de- 
veloped a non-hemolytic fraction. 
The strain under consideration is one of the Dochez, Avery, and 
Lancefield  5 type strains, No. 32, which had been isolated from the lung 
at autopsy (bronchopneumonia following measles).  This strain was 
obtained by us during the latter part of 1919 and has been maintained 
on blood-streaked agar.  It was used for the production of immune 
serum, and also as  a  control strain in comparative observations on 
hemolysis.  Thus, for more than a  year it was plated on pour and 
i A complete r~sum6 of variations among streptococcus is given by Brown, J. H., 
The use of blood aga~ for the study of streptococci, Monograph of The Rockefeller 
Institute for Medical Research, No. 9, New York, 1919. 
Aschner, P. W., ]. Infect. Dis., 1917, xxi, 409. 
3 Clawson, B. J., ]. Infect. Dis., 1920, xxvii, 368. 
4 Rosenow, E. C., ]. Infect. Dis., 1920, xxvi, 597. 
5 Dochez, A. R., Avery, T. O., and I~ncefield, R. C., f. Exp. Med.,  1919, xxx, 179. 
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streak blood agar plates, at frequent but irregular intervals.  During 
this period no  change was  observed.  When plated in  April,  1921, 
however, it was found  that  10  per  cent of the colonies showed no 
evidence of hemolysis but resembled closely a  pneumococcus colony. 
Isolations from both the hemolytic and green types of colonies were 
made and replated for purity; three substrains of each variety, which 
for convenience are designated H.1, H.2, H.3 and G.1, G.2, G.3, were 
used for study. 
Up to November 1, 1921, Substrains H.1 and G.1 have been plated 
thirty times, the others ten times.  In no instance has  anychange 
been noted in  the  colony characteristics on blood agar.  Since  the 
cleavage was  noted,  the  substrains  have  bred  true  for  more  than 
50 transfers. 
Cultural Characteristics. 
Described according to the recommendations of Smith and Brown  e 
and Brown,  t the hemolytic fraction has all the characteristics of the 
beta types with a  4  to 5  ram.  transparent zone of hemolysis.  The 
green fraction is  an  alpha  type with no visible  clearing except for 
the late development of a very narrow green translucent zone, which 
microscopically shows scarcely any diminution in the number of red 
cells.  Immediately surrounding the colony there is no reduction of 
the number of cells.  The surface colonies of the green type fraction 
are moist, green-zoned, and resemble closely a  typical pneumococcus 
colony. 
The hemolytic properties of the two fractions were also tested with 
the  blood  tube  method  (LyalP).  With  the  beta  type,  hemolysis 
was  prompt;  0.3  cc.  of  a  15  hour  broth  culture  caused  complete 
hemolysis, and  as little  as 0.05  cc.  caused partial  hemolysis.  The 
green fraction showed no hemolysis with 0.5 cc.; the color of the red 
cells was changed to a  deep magenta, but not to the typical brown 
shown by the pneumococcus used as a control. 
Morphologically and  culturally the two fractions show no differ- 
ences, other than those noted above.  Planted in  1 per cent carbo- 
s Smith, T., and Brown, J. H., J. Med. Research, 1914-15, xxxi, 455. 
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hydrate  media  (glucose,  lactose,  salicin,  mannitol,  raffinose,  and 
inulin)  all  fishings have  shown  the  same  end-reaction.  This  was 
tested ~ -  the colorimetric method to determine the final H ion concen- 
tration  Neither fraction is soluble in bile. 
Agglutination and A ggtutinin Absorption Tests. 
Agglufi ~ation  tests were  set up with the  serum of a sheep immu- 
nized against the original Strain 32.  Fortunately all fishings of the 
hemolytic and green fractions grew with a diffuse cloud in beef broth 
so  there  was  no  difficulty in  obtaining  satisfactory  agglutination 
results.  The results of the test with the sheep serum showed that 
both fractions were agglutinated equally well, and to the titer of the 
serum strain, No. 32.  Likewise the absorption of this serum by either 
fraction removed completely the agglutinins for both fractions and 
for the serum strain, No. 32. 
For more conclusive evidence rabbits w~re immunized with a rep- 
resentative  of  each  of  the  fractions.  At  'each  injection  control 
plates were made to check the character of the injected cocci.  The 
serums obtained were used for agglutination and agglutinin absorp- 
tion tests.  The results are given in Table I. 
Direct  agglutination  and  agglutinin  absorption  tests,  with  the 
antiserums  for  both  the  hemolytic and  green fractions, were  also 
carried out on the original Strain 32, and on the other fishings, H.2, 
H.3 and G.2, G. 3, isolated at the time the cleavage was noted.  The 
reactions of these strains were identical with those of the serum strains 
H. 1 and G. 1 given in Table I. 
The ability of either fraction to absorb  the agglutinins from the 
antiserum of the other fraction shows that the loss of hemolytic power 
has not been accompanied by any change in the agglutinogenic com- 
plex of the cocci. 
Virulence  Tests. 
The virulence of the two strains was tested by mouse inoculation 
with  18  hour  broth  cultures.  With  the  hemolytic variety 0.5  cc. 
killed  uniformly,  0.25  cc.  irregularly.  The  green  type  was  less 
virulent, 1 to 1.5 cc. causing death, but only irregularly. Agglutination  and 
TABLE  I. 
Agglutinin  AbsorpHon  Tests  on  the  Hemolytic  and  Non- 
Hemolytic  Fractions of Strain 32. 
Antiaerum. 
H. It 
G.I 
Absorbed  by 
substrsin. 
o~ 
H.  1 
G.  1 
H.  1 
G.  1 
o~ 
H. 1 
G.  1 
H.  1 
Absorbing  Agglutination. 
dose. 
Substrain. i  1:50  1:1190 1:400" 1:2,001~ r 
0~  H.I~"  ++  ++  ++  ++ 
G. 1§  i  q-q-  q-q-  -I-q-  q-q-.  -: 
i 
1:20[[  H. 1  ....  ,i.- 
G.  1  1  ....  .el- 
, ~;  • 
1:20[[  H. 1  i  .... 
G.  1  ....  -- 
1 :S011  H.  1  i  -]-  X  -  --  - 
G.  1  "~-  X  --  --  -- 
1:5Oll  H. 1  +  x 
G.  1  a=  X 
0~; 
1:2011 
1:2011 
1:5oll 
1:5oH 
3  Broth, 
G.  1 
m 
H. 1  -1-+  ++  q-q-  -k+  +1  -- 
G.  1  -t-+  +q-  +-b  +q-  q-  -- 
H.  1  ~  w 
G.  1  -  -- 
H.  1  --  -- 
G.  1  -  - 
H.  1  +  ~- 
G.  1  "4-  X 
H.  1  q- 
G.  1  "~  "~" 
Normal serums of the rabbits obtained before immunization did not agglutinate 
any of the strains. 
Heterologous cultures of hemolytic and non-hemolytic streptococci were used as 
negative absorption controls.  In a  dose of  1:10  they  did not reduce  the specific 
titer of the serums. 
-b-b indicates complete agglutination; -bl,  q-,  q-,  ×, decreasing amount;  -,  no 
agglutination. 
* To  save space intermediate dilutions set up  with  unabsorbed  and  absorbed 
serums are not listed. 
t  H.  1 indicates hemolytic fraction. 
~0  indicates that the serum was not absorbed. 
§ G. 1 indicates non-hemolytic or green fraction. 
[[ Absorbing dose 1:20 or 1:50 means that the mass of cocci is to the volume of 
serum (diluted 1:15) as 1 is to 20 or 1 is to 50. 
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Attempts were made to increase the virulence of the green variant 
by mouse passage  in  the  hope  that the hemolytic capacity might 
return w:'u the  increase in  virulence.  After fourteen consecutive 
passages.~ "~i virulence was raised so that ~  cc. caused death.  This 
increas  :irulence  was  not  associated  with  the  development  of 
hemolyk,  ulonies.  The mouse passage  caused no  marked fall  in 
agglutin~n  !ity.~ and  no  change  in  the  absorptive  capacity  of  the 
culture.  •  further attempt to restore the hemolytic capacity to the 
green va:  xt was made by growing it in blood broth, but twenty-five 
successiw ~ransfers in this medium have resulted in no change.  The 
hemolyti, ~raction has also  bred true after twenty-five blood broth 
generatio,:~. 
/ 
Replating of the original Strain 32  showed the persistence of the 
two varieties throughout August, 1921.  At that time fresh isolations 
of the two fractions were made and found to be identical culturally 
and serologically with the previous isolations.  Since then, two plat- 
ings  of  the  original strain  have failed  to  show  any green colonies 
although a large number of plates was made. 
Tests with Other Strains. 
Twenty  other  strains  of  hemolytic streptococcus,  the  majority 
from pathological conditions, which had been under cultivation for 
from 2 to 8 years, were tested in order to determine whether or not 
any loss of hemolysis had occurred.  Frequent platings of these strains 
have shown no change in the hemolytic capacity, as all colonies give 
well marked zones.  These observations are in contrast with those of 
Clawson  a who found that out of 116 strains of hemolytic streptococcus 
under cultivation for i to 4 years, 54 showed one or more green colonies 
when plated in blood agar.  He tested the constancy of substrains 
obtained from six  cultures.  His  substrains  showed little  tendency 
to breed true, the green substrains in all instances showing reversions 
to the hemolytic type. 
DISCUSSION. 
Further observations on the antigenic character of bacterial strains 
in relation to functional change are needed for reconsideration of the 
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reporting of an  apparently sudden and  permanent functional loss, 
that is of hemolytic capacity by a portion of a strain without associated 
antigenic change, is presented for this reason. 
Variations  in  the  physiological functions  of  bacteria  occur  with 
frequency.  This has given rise to an impression held by some that 
the  fundamental antigenic constituents are  also  readily  subject  to 
change.  As  a  matter  of fact,  general  experience indicates  a  high 
degree of stability of bacterial types as regards the antigenic qualities 
of  their body substance.  In  the light of this  experience it  would 
seem more logical to assume the sceptical attitude that a  change in 
the antigenic constituents is a fundamental and radical change, and, 
therefore,  an  unusual  occurrence.  The  proof  adduced  for  such  a 
change, therefore, must be proportionately complete and convincing. 
The proof must be  complete in  two ways.  First,  is  the variant 
real or is it a  contaminant of the original culture, or a  contaminant 
added during transfer or by animal passage, etc.?  Second, does the 
evidence advanced in  favor of antigenic change prove it  to  be  an 
a~tual basic change or simply show that a modification of the binding 
or reacting characteristics has occurred?  The evidence for a  basic 
change in  the  antigenic  constituents must include  a  study of  the 
agglutinogenic capacities,  as well as of the reacting and combining 
capacities Of both the variant and unchanged fraction. 
CONCLUSIONS. 
A  culture of hemolytic streptococcus developed a  non-hemolytic 
fraction  which  as  determined by  its  agglutinogenic, agglutination, 
and agglutinin absorption characters was identical with the hemolytic 
fraction,  the only variation being one of function, or physiological 
action.  This functional variation has proved permanent, as long as 
observed, for both fractions have continued to breed true. 
This study is offered as additional evidence in favor of the hypoth- 
esis that functional changes among bacteria  are,  at most,  only very 
infrequently  associated  with  changes  in  the  antigenic  matrix  of 
bacteria. 